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3  MATERIALS AND METHODS 
3.1   Materials 
 The main chemical for graphene synthesis is the graphite flakes with 325 mesh 
size from Orioner Hightech Sdn Bhd. Other chemicals are obtained from Sigma-
Aldrich, Germany. The chemicals are concentrated sulphuric acid, potassium 
persulphate, phosphorus pentoxide, potassium permanganate, hydrogen peroxide, gallic 
acid, sodium carbonate, Folin-Ciocalteu reagent, phosphate buffer solution (PBS), 
glucose solution and glucose oxidase from Aspergillus niger. 
3.2  Sample preparation 
3.2.1 Preparation of phytoextracts 
 The yellow and green bananas were collected from local area. The peels were 
manually separated and washed with water then ground using a domestic blender in 100 
mL of distilled water. The extract was filtered under ambient conditions. 
3.2.2 Total Phenolic Contents Assay 
 The total phenolic content in yellow and green banana peels was determined by 
using the Folin-Ciocalteu colorimetric method. Different concentration of gallic acid 
was prepared to plot the standard curve for phytoextracts concentration determination. 
The stock solution was prepared by dissolving 100 mg of gallic acid in 100 mL ethanol. 
The concentrations prepared through dilution were 0, 1, 2.5 5.0, 10, 25, 50, 100, 200 
and 300 µg/mL of gallic acid. Folin-Ciocalteu‟s phenol reagent was diluted 1:1 in 
distilled water before use. Calibration curve was plotted by mixing 1 mL of aliquots of 
different concentration of diluted gallic acid, 5.0 mL of Folin-Ciocalteu reagent (diluted 
tenfold) and 4.0 mL of sodium carbonate solution (75 g/L). The absorbance was 
measured after 30 minutes at 20 
o
C at 765 nm. 1 mL of yellow and green banana peel 
extracts were mixed separately, with the same reagents as did in construction of 
calibration curve, and after 1 hour, the absorbance was measured for the determination 
of total phytoextracts in banana peel extracts from the standard gallic acid curve. 
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3.2.3 Preparation of graphene oxide 
 Graphite oxide was synthesized by graphite powder through pre-oxidation and 
oxidation process based on Hummers and Hummers Improved method (Marcano et al., 
2010). For the pre-oxidation, the 20 g of graphite powder was stirred in a heated 
solution of 30 ml H2SO4, 10 g K2S2O8 and 10 g P2O5 at 80
o
C for 30 minutes until dark 
blue mixture was formed. The mixture was cooled to 25
o
C for 6 hours. After that 
deionized water was added and the ingredient was filtered and washed until filtrate 
become neutral pH. Then, the filtrate was dried overnight in vacuum desiccators at 
25
o
C. After drying pre-oxidized graphite, the oxidation process was carried out with 
460 ml of concentrated H2SO4 in an ice bath. After that, 60 g of KMnO4 was added 
slowly with stirring and temperature of suspension was maintained at 20
o
C. The ice 
bath was removed and the suspension was heat up in an oil bath at 35
o
C for 2 hours 
until the suspension thicken and effervescence paste in brownish grey colour was 
formed. Then, 920 ml deionized water was added into the suspension and heat up to 
98
o
C for 15 minutes. Another 2.8 L deionized water was added together with 15 ml of 
30% H2O2 and the suspension colour was changed to bright yellow. The suspension was 
filtered and filtrate was washed with 5 L of 1:10 concentrated HCl. Finally, filtrate was 
dried overnight in vacuum desiccators at 25
o
C. Reduction of graphene oxide was started 
with the exfoliation of graphite oxide to graphene oxide (GO).This was achieved by 
ultrasonication of 2 mg/ml graphite oxide dispersion in 200 ml deionized water for 30 
minutes (500 kW, 40% amplitude). The brown homogenous GO produced was 
centrifuged at 10,000 g (DR 21GIII, Hitachi, Japan, R20A2) for 10 minutes to remove 
unexfoliated graphite oxide. 
3.2.4 Reduction of graphene oxide by phytoextracts from banana peels 
 In this experiment 6 mg of GO was dispersed in 30 mL of water by sonication 
for 30 minutes. 10 mL of 15 mg/mL aqueous phytoextract was added into the solution. 
Then resulting suspension was stirred on a magnetic stirrer at room temperature and 
under refluxed conditions of 95 
o
C for 24 hours. After reduction, RGO was settled and it 
was washed with water for several times to remove the unwanted materials. 
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3.2.5 Optimization of Reduction of graphene oxide by phytoextact  
 After graphide oxide was sonicated in water for 30 minutes, reduction was 
carried out using different concentration of phytoextract from banana peels. 10 mL of 
different concentrations of aqueous phytoextract were added separately into the GO 
solution, then resulting suspension was stirred on a magnetic stirrer at refluxed 
conditions of 95 
o
C for 24 hours. Different durations for reduction also had been carried 
out by varying the time to observe complete reduction of graphene oxide. The 
suspension of GO and phytoextracts was heated under refluxed temperature of 95 
o
C for 
15 and 30 minutes separately. Then to study the effect of refluxed temperature on the 
reduction process, graphene oxide was oxidized under different refluxed temperature 
which was 75 
o
C and 85 
o
C for 24 hours. 
3.2.6 Characterization 
  Fourier transform infrared (FTIR) study was performed over the wave number, 
range of 4000-400 cm
-1
 by a Nicolet Avatar 370 DTGS (Madison, USA) FTIR impact 
410 spectrophotometer using KBr pellets. The UV-visible spectra were analyzed in 
Hitachi (U-2001, Tokyo, Japan) UV spectrophotometer at room temperature. Scanning 
electron microscopy (SEM) by Zeiss, Germany was used to examine the structure for 
reduced graphene oxide. 
3.2.7 Fabrication of glucose biosensor by using reduced graphene oxide 
 The glassy carbon electrode (GCE) was polished with 0.05 µM alumina slurry 
and washed with deionized water and ultrasonicated for 3 minutes to remove any 
adsorbed alumina particles from the electrode surface. RGO-GOx was fabricated on the 
GCE surface by a one step process. 40 µL of RGO dispersion and 60µL of GOx 
composite with a concentration of 10 mg/mL in 0.1 PBS solution of pH 7, were 
sonicated to produce RGO-GOx composite. 10 µL of the RGO-GOx composite was 
drop casted onto GCE and allowed to dry at room temperature and rinsed with 
deionized water to remove any loosely attached enzyme or GO particles. The RGO-
GOx modified electrode (GCE/RGO-GOx) was transferred to PBS (pH 5.0) solution. 
The GCE/RGO-GOx film was allowed to performed continuous potential cycling (15 
cycles) from 0 to -1.5 V at a scan rate of 50 mVs
-1
 (Unnikrishnan et al., 2013) as shown 
in Figure 3.1. The process scheme for this study was summarized in Figure 3.2.  
 
